The paper reviews synthetic procedures towards carbonaceous materials via chemical dehalogenation or dehydrohalogenation of halogenated hydrocarbons, which take place at mild temperatures and pressures. Special attention is being paid to a preparation of unusual carbon structures, viz. sp-bonded all-carbon chains (carbyne-like materials), fullerenes, and carbon nanotubes. This article upgrades previous reviews on this subject, published in 1997. Among the most interesting recent outputs, we may quote the preparation of fullerene C60 and multiwalled carbon nanotubes by simple chemical reactions occurring at ambient conditions.
1.2 Aims and scope This paper will review chemical processes of interest for the synthesis of all-carbon chains and carbonaceous nanoparticles (fullerenes and carbon nanotubes) from either fully or partially halogenated hydrocarbons. Whereas fullerenes and carbon nanotubes9). 10) became already familiar structures, the all-carbon chain persists to be a thorny issue4),5). The only defined species possessing this structure are all-carbon molecules occurring in the carbon melt11), vapor or in inert matrices at low temperatures12), 13):
An "infinite" sp-bonded carbon chain has been treated theoretically by many authors14)- 19) , and there is a consensus that an alternating polymeric chain, polyethynylene (polyyne) is more stable compared to the isomeric polyethylene diylidene (polyvinylene diylidene, polycumulene):
The stabilization of polyyne is interpreted in terms of a Peierls distorted one-dimensional metal. A still hypothetical crystalline form of carbon with sp-bonded structure is called "carbyne". (Note that this name conflicts with the IUPAC term for the radical HC: (for further discussion, see Section 4 and Refs.4),5))) "Ch emical carbonization" is defined as a reaction which converts a suitable precursor molecule into elemental carbon either by the action of an auxiliary reactant or by an electrochemical redox process. In the case of perhalogenated hydrocarbons, the general reaction is that of a reductive dehalogenation:
(X stands for halogen). A more detailed inspection of the process- Depending on the actual reaction system, the extra negative charge is compensated by certain cations from the reaction medium (e.g. from the electrolyte). Partly halogenated precursors (containing equal numbers of hydrogens and halogens) can be dehydrohalogenated in basic media: In the case of reaction (2a) , it is convenient to transform the AGO values into the corresponding standard electrochemical potentials, E0:
(F=Faraday constant). (Table 1) . Hence, their carbonization by reductive dehalogenation is thermodynamically allowed, even if we require a synthesis of energetically demanding products, such as polyyne (free energy of formation of 106 kJ/at).
Chemical carbonization: kinetics
The mechanism and kinetics of chemical carbonization follows from the fact that the product is a solid material, growing at the interface of the precursor and the carbonizing agent. In most cases, the product is a compact film, acting as a mechanical barrier between the two reacting species. Consequently, the carbonization rate is controlled by the transport of active materials across this barrier. The problem was first addressed by Jansta and Dousek27) for reactions of PTFE with diluted liquid alkali metal amalgams, but later it was found that their interpretation has a broader impact for all reactions, in which the product acts as a charge-transport medium20). The situation is schematically depicted in Fig.1 , either for a solid precursor (PTFE) dipped in the amalgam, M(F15) (Fig.1 (A) ) or for a liquid or gaseous perfluorinated hydrocarbon, transported to the amalgam surface by diffusion ( Fig.1 (B) ). In the absence of any direct contact of the reacting moieties, i.e. C,F, and M(Hg), the reaction can only propagate via electron and/or ion transport through the growing film.
Generally, the reaction of perfluorinated hydrocarbons (CxFy) with MoHg)(M=Li, Na, K) proceeds in a very defined way. The end-product is a completely defluorinated material (n-doped carbon) interspersed with the stoichiometrically equivalent amount of nanocrystalline alkali metal fluoride (the product will be further abbreviated as C-MF) 20).27). Since the C-MF layer is conducting both for electrons28)-30) and alkali metal cations (M+)21), a short-circuited galvanic cell is spontaneously formed at the interface ( Fig.1 ):
The classical model of Jansta and Dousek20), 27) describes this galvanic cell in terms of electrochemical kinetics, assuming that the C-MF layer acts simultaneously as a solid electrolyte, electron conductor and electrode. During the self-discharge, the carbonization of C"Fy takes place at the carbon (C-MF) cathode, which is continuously renewed as the C-MF layer grows (Fig.1) .
If we neglect the effects of n-doping20 (see eq. (2b)) the cell reaction becomes:
The thermodynamic cell voltage, AE equals:
where: Eo denotes standard redox potential of alkali metal The current (I) flowing through the cell in Fig.1 Combining eqs. (6) and (7) leads to the kinetic equation:
where Ko is a rate constant. In actual systems, the ionic conductivity of C-MF is always much lower than the electronic conductivity, hence the total conductivity of C-MF can be approximated by its ionic conductivity: Table 2 Reaction of alkali metal amalgams with fluoropolymers. Values of rate constant, Ko (eq.(11a)).
The described electrochemical scheme is applicable also for the amalgam-driven carbonization of PTFE and various other fluoropolymers20), 21 32) ( Table 2 ). The electrochemical scheme of the M(Hg) C,F, reaction is, of course, applicable also to "ordinary" elctrochemical reactions, where the C"Fy is reduced at a metal cathode in a suitable electrolyte solution. The similarities between the amalgam reduction ( Fig.1 ) and electrochemical reduction of PTFE was first addressed by Barker et al33). On the other hand, any "chemical" defluorination of PTFE must proceed electrochemically ( Fig.1 and eqs. (6)-(11b), if the reactants cannot penetrate the C-MF layer. This mechanism was first briefly discussed for the reaction of PTFE with benzoin dianion34) and poly (tetrafluoroethylene-co-hexafluoropropene) (FEP) with sodium dihydronaphthylide35). A more detailed kinetic analysis of the PTFE reduction with radical anions was recently reported by Amatore et al.36) (vide infra).
Micka et al.37) upgraded the Jansta and Dousek's model27) by considering:(i) chemical initiation producing a thin primary C-MF layer and (ii) the electrical conductivity of C-MF to be time-dependent. A more significant correction of the model was required to interpret the carbonization kinetics of low-molecular-weight gaseous or liquid C"Fy ( Fig.1 (B) ) 38).
In the case of liquid or gaseous C"Fy precursors, the experiments have surprisingly shown that the kinetic equation (11a) was valid only for reactions with Na-amalgam. For Li-amalgam, the L=L (t) dependence deviated from the expected one38). This is demonstrated on Fig.2 for the reaction of gaseous perfluorodecalin with Li or Na amalgams. (The plots in Fig.2 display actually the thickness L multiplied by refractive index of C-MF, n. The reason is that the data were acquired from reflectance spectra, and the n-value is unknown). Analogous plots were obtained also for some other low-molecular weight precursors38). In all cases, the carbonaceous film at the C,F, (g, 1) I Li (Hg) interface grew linearly with time: (KL, is a constant), but the reaction of C"Fy (g, 1) with Na-amalgam followed the "normal" kinetic behavior (see eq. (11 a)):
Some values of rate constants, Kt.; and KNa (at 25 t) are summarized in Table 3 . To interpret the kinetic discrepancies, expressed by eqs.(11a), (12) and (13), an upgraded model is suggested below. The interfacial reaction is still assumed to be governed by an electrochemical mechanism (as in Fig.1) . Hence, the self-discharge current, I follows the Faraday law (shown as eq. (9) (a is the charge transfer coefficient). Eq. (14) can be rearranged by using eqs. (9), (15) and (16) which is not very different from the rate constants KNa collected in Table 3 ). Since the Li+ conductivity is much higher, the reaction with Li(Hg) is controlled by the rate of the C,Fy (g) reduction at the film's surface (see eqs. (12) and (18)). This is likely to be slower for gaseous reactants. Amatore et al.36) have analyzed the reductive carbonization of PTFE with radical anions derived from naphthalene, phthalonitrile, 4-cyanopyridine, pyridazine, 4-phenylpyridine and benzonitrile. To investigate the carbonization kinetics, the nucleophilic radical anion was generated electrochemically at a goldband ultramicroelectrodeo . The electrode was assembled in a sandwich configuration between glass support and PTFE foil, isolated from the Au surface by Mylar film:
Glass (support) I Au (electrode) l Mylar (insulating film) l PTFE
The charge-transfer and carbonization processes occurred on a cross-section of this sandwich assembly. Analysis of the Amatore's system is somewhat more complex than that described above ( Fig.1 and eqs . (9)- (19)). The point is that the carbonized layer on top of PTFE propagates both into the bulk polymer and along the PTFE surface, whereas the amalgam-based system ( Fig.1 nanocrystalline cubic KC1 (2-20 nm in size) was found within the space between carbon nanotube walls. The nanotube seems to act as a template for the KC1 growth with the (100) plane of the latter perpendicular to the tube axis48).
Higher perfluorinated hydrocarbons
Quantitative defluorination of perfluorinated hydrocarbons by sodium biphenyl is applicable in analytical chemistry for sample mineralizationo . electrochemical reductive carbonization of perfluoro-n-alkanes, C"F2,2 (x=6, 8) 50),51), perfluoro-2, 4-dimethy1-3-ethylpentane (C9F20) 50),51), perfluorinated coronene (C24F36) 52), perfluorodecalin (C10F18)53), perfluoroanthracene (C14F24), perfluorodecacylene (C36F54), perfluorophtalocyanine (C32F56N8) and perfluoroparacyanogene (CFN2.2) 54) was reported, but in-depth characterization of the products is missing.
Defined total carbonization of perfluorinated hydrocarbons occurs through the action of alkali metal amalgams. The defluorination of perfluorobenzene and perfluoro-n-alkanes CxF2x+2 (x=6, 9, 20, 24) 39),55), perfluorocyclopentene, perfluorodecalin, perfluoronaphthalene, perfluorobiphenyl, perfluoro-2-butyne, perfluorocyclobutane, perfluoropyridine, and cyanuric fluoride38) was studied. Carbons from perfluoropyridine and cyanuric fluoride contained nitrogen in the same ratio as in the precursor38). In all cases, the carbonaceous film grew by apposition from the gas or liquid phase (cf. Fig.1 (B) ), and the reaction kinetics was controlled by eqs. (12) and (13) (for rate constants see Table 3 ). Since the carbonaceous film grows on an ideally flat surface of a liquid amalgam, and its thickness is naturally self-controlled (see eqs. (13) and (14)), the film is perfectly uniform over large areas. This allows growth of precise carbon films down to nanometer-scale thickness. The film from certain perfluorinated precursor contained small amount of fullerenes and nanotubes (cf. Sections 5 and 6) 38). The reaction (22) requires that the produced I2 is quenched, as it reacts both with the product and with the precursor, forming tetraiodoethylene as a main byproduct63 The released iodine (eq. (24)) is slowly added to C 4 I 2 yielding C 4 I 6:
If the reaction was carried out inside the MCM-41, the mesoporous silica served as a protecting agent: both the precursors and the polymerization products showed higher chemical and thermal stability 63).
2.2 Perhalogenated polymers Since the C-C bonds are inert against reductive splitting, electrochemical carbonization of perhalo-n-alkanes should, ideally, produce polyyne of the same conjugation length as the polymerization degree of the precursor (n): The most popular reagent for surface carbonization of PTFE is sodium dihydronaphthylide ("sodium naphthalenide", NaC 10 H 8). Bonding of Teflon by surface carbonization was patented already in 1957/8 by 3M, Inc. and Du Pont de Nemours, Inc. 20). The reactant is usually prepared from sodium metal and naphthalene in tetrahydrofuran, but it can be also generated electrochemically in a solution of naphthalene in dimethylformamide+NB u 4 BF 4 or NB u 4 CIO 4 81),82). The latter reaction propagates in a regenerative loop, hence it proceeds with only catalytic amount of naphthalene:
Amatore et al. 36) studied the same reactions ((30 a) an (30 b)) mediated also by phthalonitrile, 4-cyanopyridine, pyridazine, 4-phenylpyridine and benzonitrile 36). A main impact of this work consisted in a detailed kinetic analysis (Section 1.4). PTFE is also carbonized by radical anions derived from anthracene pyrene, benzanthracene, phenanthrene, triphenyl, benzpyrene, 9, 10-dimethylanthracene, acenaphthalene, fluoranthene, perylene, biphenyl, benzophenone, triphenylborane 83), 84) and benzoin 34), 85). In the latter case, the product was identified as a cross-linked polymeric carbon containing single, double and triple bonds, F, H, and O 34) However, other authors 85) have reported that this material contained mostly trans-polyacetylene, (CH) x. Short-time 86), 87) 2) The striking difference between alkali metals and Mg can hardly be explained in thermodynamical terms. Actually, the standard potential of Mg amalgam equals-2.09V31),which is even more negative than the standard potentials of Na-or K-amal- Most of the carbonization studies were carried out with asreceived commercial PTFE foils (duPont's Teflon(R)) Mechanically oriented toils39) and highly oriented films prepared by friction deposition were also tested67),110),111).The latter seem to be particularly interesting precursors of electrochemical polyyne, as they show a perfect orientation of individual PTFE macromolecules (Fig.3) 110) .111).Whether or not this molecular-level orientation is also preserved in the follow-up electrochemical carbons has not been confirmed yet67).111). However, some orientation effect was apparent in the Raman spectra of electrochemical carbons produced from stretch-oriented foils39). The Raman spectra of carbons from non-oriented and oriented PTFE are compared in Fig.4 . the latter case, the conjugation length of oriented oligoyne was estimated to be nine triple bonds111). Fig.4 Raman spectra of a material (C-NaF) obtained by reaction of Na-amalgam with PTFE. The PTFE precursor was either an ordinary non-oriented foil or a thin highly-oriented film made by friction deposition (See Fig.3 for its AFM image). The noisy Raman spectrum of oriented film is due to weak Raman scattering from ultrathin sample layer. Li-amalgam32) , although the reaction is markedly slower as compared to that of PTFE or PCTFE (Table 2) . Since the sulfonic groups in Nafion are not reduced by the Li-amalgam, synthesis of sulfonated carbon materials is possible32). Nafion can also be reductively carbonized by ammonia solutions of Mg and Na123) . Also in this case, no low-valent sulfur was observed in the treated polymers, but only the -SO3-groups. Depending on the actual material tested (Nafion 324, 450, 417) the concentration of sulfonic groups decreased; the extent of desulfurization varied between 0 to 88% (Na solution) or 17-75% (Mg solution) . The surface carbonization of Nafion membranes improved the ion-exchangeselectivity for Na, and also decreased the flux of NaOH through membrane for brine electrolysis123). The controlled permselectivity of Nafion might be of practical interest, but the structure of carbonized Nafion was not investigated in detail.
Other perhalogenated polymers
Poly (tetrafluoroethylene-co-hexafluoropropene, FEP)37),124), poly (tetrafluoroethylene-co-perfluoropropylvinylether)21) and perfluoropropenoxide21) react with alkali metal amalgams analogously to PTFE ( Table 2 ). The FEP foil offers a better optical transparency compared to that of PTFE foil of the same thickness. This is convenient for optical measurements37). UV-Vis spectra of FEP supported carbon film were used by Micka et al. 37 ) for a kinetic study of the early step of carbonization and of the film aging. Carbons from FEP show IR125) and Raman39) active features of sp-bonded all-carbon chains, but the yield and conjugation lengths are significantly lower compared to those in analogous products from PTFE39). The carbonization is markedly blocked in plasma-polymerized hexafluoropropene124) . This resembles the behavior of PTFE irradiated by electrons or Xray photons120)-122), and might be analogously interpreted as a result of cross-linking and branching. In terms of electrochemical mechanisms (Sect. 1.4) , the electron propagation along the chain should stop at thecross-linked center (C*) where the conjugation is perturbed, and the C4C*units (C-C bonds) are not reductively cracked2124): (where R =I, H) . There are theoretical4) , 19) ,20) and experimental20) arguments that the two-dimensional polymerization (see eq. (36)) is favored, and may produce extended graphite-like structures. The graphitization (see eq. (36)) provides a driving force for partial splitting off iodine and hydrogen from the precursor. The most interesting issue was that the reaction (36) yielded small amount of multiwalled carbon nanotubes (Section 5).
Polymeric precursors 3.2.1 Polyvinylidene halides Polyvinylidene halides, -CH2-CX2-were chemically dehydrohalogenated in basic media 138)-145):
This reaction is considered among the most easy and versatile processes yielding all-carbon chains4),5). The reaction medium is most simply KOH in ethanol, but the addition of co-solvents like acetone 141) or THF 140), 145) improves the yield of carbon at lower temperatures. The reaction also accelerates with increasing atomic number of the halogen: F<Cl<Br140),141). Eventually, the carbonization (see eq. (37)) accelerates also in the presence of phase transfer catalysts (quaternary ammonium or phosphonium halides) 142)-144) The application of phase-transfer catalysis in dehydrohalogenation of polymers was first reported by Kisem6).
An alternative nucleophilic reactant for dehydrohalogenation of polyvinylidene halides is 1.8-diazabicyclo [5, 4, 0] undec-7-ene (DBU) 139). (The reagent was introduced by Soga 147) and further exploited by Shirakawa et al. 148) for dehydrohalogenation of chlorinated polyacetylene, vide infra). Still another dehydrohalogenation of PVDF was pioneered in the same laboratory: Shirakawa et al. 133 ) observed stepwise cathodic carbonization of PVDF in dimethylformamide +NBu4Cl04+t-BuOH. The catalytic cycle is, essentially, identical to that mentioned above for C2H3Cl3 reaction (see eqs. (33) and (34)):
The product contains (besides some residual F and H) also inserted NBu4+, i.e. it is naturally n-doped by electrochemical overreduction (see eq. (2b)). It is interesting to note that, on the contrast, the chemical dehydrohalogenation of polyvinylidene halides (see eq. (37)) does not lead to n-doping.
Even in the absence of BuOH, reactive nucleophiles like [(CH3) 2NCHO]-or (CH3)2N-can also be generated by preelectrolysis of dimethylformamide electrolyte solutions107)(The electrochemical formation of diamond-like carbon from pure (CH3)2NCHO was reported by Cai et al. 149) ). These nucleophiles react with PVDF to give, eventually, carbon (see eq. (39)). At the same conditions, PTFE shows no reactivity 107) and polyvinylchloride is dehydrohalogenated only to polyacetylene150)-153). Dehydrohalogenation of polyvinylidene halides can also be achieved by the action of ammonia solutions of Mg and Na116) by irradiation with high-energy ions154) and by KrF excimer-laser treatment155). Sometimes, the elimination of HX from polyvinylidene halides is incomplete, but at optimized conditions the content of residual halogen might be as low as 1%141). The presence of sp-bonded carbon atoms has been reported quite frequently, based on IR and Raman spectra. Some authors have attempted to distinguish between polyyne-or polycumulene-like links26), 140), 156) , but, as demonstrated by Kiirti et al.157) , the distinction is essentially not that straightforward. Evsyukov (pp.55-74 of Ref.4)) reviewed the preparation of carbyne-like materials via chemical dehydrohalogenation of polymers.
Other partly halogenated polymers
A copolymer of vinylidene fluoride and tetrafluoroethylene can be catalytically dehydrohalogenated by NaOH analogously to polyvinylidene halides (see eq. (37)) 144). This polymer apparently does not match the rule of equal number of halogens and hydrogens. Hence, its dehydrofluorination produces carbonaceous material with high content of residual fluorine. A similar conclusion applies for polyvinylchloride (PVC) 146), which yields predominantly polyacetylene150)-153). PVC was relatively stable against ammonia solution of Mg and Na116). Viton, formulated as: was reduced by ammonia solution of Mg and Na, but the complete defluorination was more difficult compared to the defluorination of PTFE116)
In contrast to the above mentioned polymers, polytrichlorobutadienes, viz. poly (1, 1, 2-trichlorobutadiene) and poly (1, 2, 3-trichlorobutadiene) do match the rule about equal numbers of H and Cl. Hence, they carbonize smoothly by ethanolic KOH with THF158). Carbon is also formed by dehydrochlorination of chlorinated polyacetylene148),159) and chlorinated polyvinylchloride160),161), both formulated as (CHCl)n. In the first case, polyacetylene was stereospecifically chlorinated through prolonged doping with FeCl3 and subsequently reduced by DBU or potassium buthanolate in dimethylformamide or dimethylsulfoxide148), 159). Alternatively, the reaction was also promoted electrochemically (see eqs. (38) and (39)) 159).
PVC was chlorinated photochemically by Cl2, and the product was subsequently decomposed by an Ar-laser (488 nm) to yield "turbostratic carbon" 160). The laser-induced dehydrochlorination of chlorinated PVC was later studied by Yabe et al. 161 ) using an KrF excimer laser. In contrast to previous work160), they identified a considerable proportion of conjugated C=C and C=C bonds in the produced carbonaceous material161). Cataldo129) studied the dehydrochlorination of photochemically chlorinated polyethylene wax. The preparation of carbynelike materials by photo-and laser-induced dehydrohalogenation was reviewed by Yabe (pp.75-91 of Ref.4) ). The dehydrohalogenation of poly (ethylene-alt-chlorotrifluoroethylene) by potassium tert-butoxide gave complicated products with polyenyne structure and randomly distributed isolated triple bonds162). Although this precursor does contain equal number of hydrogens and halogens, its exhaustive dehydrohalogenation is hindered by alternation defects in the copolymer162).
All-Carbon Chains in Solid Carbon Materials
As mentioned in Section 1.2, the existence of crystalline carbon phase containing exclusively the sp-bonded carbon chains (carbyne) persists to be a subject of debate4),5). The key problem is that all studies reported so far deal with poorly defined materials, either isolated objects of nanosized dimensions embedded in common carbon matrices, or bulk materials containing large amounts of impurities. The carbynoid nano-structures have been almost exclusively studied by transmission electron microscopy and the associated techniques, i.e. selected-area electron diffraction and electron energy loss spectroscopy. The sp-bonded all-carbon chains have been considered in several hexagonal phases with lattice constants (in nm) 4), 5), 163): (a=0.894, c=1.536); (a=0.824, c=0.768); (a=1.193, c=1.062) and (a=0.673, c=1.568).
(The latter two phases have been termed "carbolite"163)). The nano-carbyne bearing carbons extend from natural materials (both of terrestrial and meteoritic origin) to laboratory-made samples, prepared from graphite, diamond or other precursors by heat and pressure treatment, laser irradiation, plasma treatment, shock compression, etc4),5)
In a recent study, Zhu et al. 164 ) have found nanosized carbyne also in exfoliated graphite made by electrochemical oxidation in H2SO4. Donnet et al. 165) 166) have reported on relatively good nanocrystals of carbyne (ca. 25 X 10 nm in size) made by shockcompression of carbon black. Onuma et al. 167) 168) have prepared well-crystalline carbyne films by d.c. magnetron sputtering. These new papers164)-168), together with bulky older literature), 5) seem to evidence that carbyne is a realistic structural concept, in spite of the notorious lack of convincing X-ray or other structural evidence made on a macroscopic single-crystal scale.
The semiempirical models of carbyne crystal assume kinked polyyne/polycumulene chains, aligned parallel to the hexagonal c-axis4) 15) 163). This structure apparently requires some blocking of the chain-chain interactions; otherwise the supramolecular assembly would collapses to graphene:
Reaction (40) is fast at sites where the neighboring polyyne chains are at close distances19). The cross-linking can be monitored by various spectroscopic, optical and electrical properties of the product20), 25),169). The most striking effect is a spontaneous increase of electrical conductivity as a result of sample aging30). The stabilization against cross-linking (see eq. (40)) is achieved by spatial separation of individual sp-chains by impurities and/or by regular sp2 kinks with dangling bonds in the chain4), 5), 163):
Synthetic and natural carbyne-like materials are stabilized by impurities such as Cu, Fe, K, Na, I2, H, O and N4),5). Capping the chain ends with -CF3 or -CN groups has also yielded very promising materials7). The spontaneous n-doping of reductively dehalogenated hydrocarbons might favor the carbynoid structure by electrostatic charging of carbon chains and interspersing of the corresponding counter-cations.
TEM studies on shock-compressed, or otherwise modified, graphite have brought the most consistent information about carbyne nanocrystals (For a recent discussion of shock synthesized carbons see Ref.170)) . However, the phase transformation of common carbon allotropes to carbyne seems to occur in particularly low yield (if any). This makes the preparation of carbyne difficult and poorly reproducible. Chemical synthesis of all-carbon chains from certain precursors (such as polyvinylidene halides and PTFE) brings new challenges, as the process is rather easy and reproducible. Various above-mentioned reactions (eqs. (1), (22), (23), (28), (32), (34), (37) and (39)) can be regarded as model processes yielding polyyne. However, one has to consider inherent instability of polyyne and its facile cross-linking towards sp2 graphene (see eq. (40)) in real systems. The most popular analytical technique for detecting sp-bonds in macroscopic carbonaceous materials is IR and Raman spectroscopy (for review see pp. 343-356 of Ref.4)) . The IR/Raman spectra corroborate the formation of sp-bonded structures in de (hydro) halogenated precursors quite convincingly (cf. Fig.4) . However, these materials cannot be called "carbyne" (despite the fact that many authors do so) if we stick on a definition that "carbyne" is an allotrope of elemental carbon4), 5) . The point is, that the identification of (at least nano-sized) carbyne crystals is usually lacking in most studies dealing with such materials4) 5) Another terminological problem presents the name "polyyne". The term is frequently used for materials, which hardly contain polymeric chain of C triple bonds but rather small number of conjugated bonds4), 5) (Note that this inconsistency, sometimes, extends also to organometallic compounds171)).
It is convenient to estimate the conjugation length of sp-bonded chain in carbonaceous materials from its vibrational fre- 
